
(12) United States Patent 

US007178534B2 

(10) Patent N0.: US 7,178,534 B2 
Garman et a]. (45) Date of Patent: Feb. 20, 2007 

(54) HIGH PRESSURE TUBE CLEANING 3,748,050 A 7/1973 PoppitZ 
APPARATUS 3,987,963 A * 10/1976 Pacht ....................... .. 239/124 

(75) Inventors: Daniel T. Garman, Eveleth, MN (US); 
Dennis Swanson, St. Francis, MN 
(US); Peter Coldagelli, Eveleth, MN (Continued) 
(US); Kevin Celley, BiWabik, MN (US) 

FOREIGN PATENT DOCUMENTS 
73 Assi nee: A uad amics Inc., Sulfur, LA S 

( ) g q yn , (U ) JP 402031878 A 2/1990 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 18 days. 

OTHER PUBLICATIONS 

(21) Appl. No.: 10/673,748 
Gardner Denver Water Jetting Systems, Inc., Operator’s Manual, 

(22) Filed; sep_ 29, 2003 “10,000 PSI-‘V’ Drum (Rotary Line Cleaner)”, Oct. 20, 2000, 16 
pages.* 

(65) Prior Publication Data _ 
(Contmued) 

US 2004/0069331 A1 Apr. 15, 2004 
Primary ExamineriMichael Barr 

Related US. Application Data Assistant ExamineriSarah E Husband 

(63) Continuation-in-part of application No. 09/811,064, (74) Attorney’ Agent’ or FlrmiD L Tschlda 

?led on Mar. 16, 2001, noW Pat. No. 6,626,195. (57) ABSTRACT 

(51) Int. C1. 
3083 9/00 2006.01 

(52) U S Cl ( 1)34/167 0 134/168 C An assembly for rotating and axially directing a high pres 
' ' ' """"""" 15/104 33f 15/104 095’ sure spray hose and spray head to clean residue from the 
_ _ _ ’ ' ’ ' bores of thermal transfer tubes. Modular subassemblies are 

58 F 1d fCl ? S h 134/166R ( ) 1e 0 2153541‘ “c2131 166;‘? 68 C 168 R’ concentrically aligned and mounted to rotate in synchrony 
134/172 180’ 22 1 2’2 11 2’2 12 22’ 18 24’ and direct a high-pressure Water hose and spray head. An air 

134/169 13’7/35'5’16_' 1’5/1643’3 1'04’095’ controlled operator control gun directs spray pressure and 
S 1, _ ?l’ f ' 1 ’ h'h_ ’ ' hose movement. A hose drive assembly controls hose rota 
ee app lcanon e or Comp ete Seam lstory' tion and axial hose movement via biased pinch Wheels that 

- abut the hose. An eccentric linka e and s rin tensioners (56) References Cited g P g 
coupled to the pinch Wheels release and re-engage the 

Us PATENT DOCUMENTS Wheels to the hose at a preset pressure. A layering arm stacks 

2 In 527 A * 3/1938 Blane l5/l04 33 the hose in uniform layers at a hose reel. Rotational sensors 
2,199,651 A * 5/1940 """""""""" " “H0453 and/or a pneumatic booster and a disk brake assembly 
2,267,493 A * 12/1941 " 15/l04'33 facilitate hose collection and release Without kinking or 

2,953,799 A * 9/1960 15/10433 splnage' 

3,095,592 A * 7/1963 Hunt ..................... .. 15/104.33 

3,449,783 A 6/1969 Kirschke 35 Claims, 16 Drawing Sheets 

43 /'° 
44 2O 

24 3B ‘ 3o 
38 

'8 22 ‘ as I8 42 39 as 
_= : 90 II 

\ = 1 u 1—__ 
s00 \ ' / " T 

I ' . HIPRESSURE 
32 \\ l‘“ ‘- —’ — WATER 

l 34 ' f - I2! 
\\\' _ V \l a: __ I 

25/ 69 30 28 
\ AIR SUPPLY 



US 7,178,534 B2 
Page 2 

US. PATENT DOCUMENTS 5,560,323 A 10/1996 Billings 
5,579,726 A 12/1996 Finucane 

4,225,362 A 9/1980 Sentell 5,605,117 A 2/1997 Moskal 
4,367,790 A V1983 Draeger 5,862,561 A * 1/1999 Irwin .................... .. 15/104.33 
4,422,882 A 12/1983 Nelson 6,206,016 B1 3/2001 MacNeil 
4,580,306 A * 4/1986 Irwin .................... .. 15/10433 6,418,947 B1 7/2002 MacNeil 
4,687,011 A 8/1987 Masaru 
5,022,463 A * 6/1991 Boisture .................... .. 165/95 OTHER PUBLICATIONS 

5’067’558 A 11/1991 Bolsmre Jetting Systems, lnoiRotary Flex Lancer, Advertisement.* 
5’ll3’885 A 5/1992 Ramsey Gardner Denver Operating manual (included With previous of?ce 
5,193,242 A * 3/1993 Irwin .................... .. 15/104.33 acti0n)* 

5,320,072 A 6/1994 Theiss ' 
5,323,797 A 6/1994 Rankin * cited by examiner 



U.S. Patent Feb. 20, 2007 Sheet 1 0f 16 US 7,178,534 B2 

mw._.<>> mmsmmmmm 5 

mm 

\ wt 

mv 

mm 
mm 



U.S. Patent Feb. 20, 2007 Sheet 2 0f 16 US 7,178,534 B2 

mo 

on 2' 

w mt 

mmswmmm 



U.S. Patent Feb. 20, 2007 Sheet 3 0f 16 US 7,178,534 B2 



U.S. Patent Feb. 20, 2007 Sheet 4 0f 16 US 7,178,534 B2 

2 m 

H61 4 





U.S. Patent Feb. 20, 2007 Sheet 6 0f 16 US 7,178,534 B2 



U.S. Patent Feb. 20, 2007 Sheet 7 0f 16 US 7,178,534 B2 

m2 



U.S. Patent Feb. 20, 2007 Sheet 8 0f 16 US 7,178,534 B2 

ohm 

mom 

m2 



U.S. Patent Feb. 20, 2007 Sheet 9 0f 16 US 7,178,534 B2 



U.S. Patent Feb. 20, 2007 Sheet 10 0f 16 US 7,178,534 B2 

(a1 

PE 



U.S. Patent Feb. 20, 2007 Sheet 11 0f 16 US 7,178,534 B2 



U.S. Patent Feb. 20, 2007 Sheet 12 0f 16 US 7,178,534 B2 

LOW PRESSURE 
WATER 

HIGH 
PRESSURE 
WATER 

LOW PRESSURE 

FIG/2 



U.S. Patent Feb. 20, 2007 Sheet 13 0f 16 US 7,178,534 B2 





Sheet 15 0f 16 US 7,178,534 B2 U.S. Patent Feb. 20, 2007 



U.S. Patent Feb. 20, 2007 Sheet 16 0f 16 US 7,178,534 B2 



US 7,178,534 B2 
1 

HIGH PRESSURE TUBE CLEANING 
APPARATUS 

RELATED U.S. APPLICATION DATA 

This is a continuation-in-part application of US. Ser. No. 
09/811,064, ?led Mar. 16, 2001 now US. Pat. No. 6,626, 
195. 

BACKGROUND OF THE INVENTION 

The present invention relates to cleaning equipment for 
tubes and piping and, in particular, to high-pressure Water 
spray systems for cleaning the bores of tubes mounted in a 
variety of equipment, such as heat exchangers, falling pres 
sure evaporators and the like. 

Industrial piping systems of all types frequently require 
cleaning. A problem especially common to heat exchangers 
and evaporators is that over time the bore and exterior Walls 
of the heat exchange tubes develop corrosion, scale and 
other undesired residue. The buildup of residue decreases 
and/or generally adversely effects the heat transfer ef?cien 
cies. Restriction of the bore is especially critical. Operating 
costs for fuel, in turn, increase. 

Periodic maintenance is thus required to clean the tubes, 
on the order of once or tWice a year. Frequently the equip 
ment and/or large sections of an operating plant must be 
taken off-line during maintenance. Such maintenance can be 
performed by plant personnel or outside contractors Who are 
specially trained and use special purpose equipment to 
perform such tasks. It is desirable that any doWn time be 
minimized. The task is typically performed manually and is 
therefore costly and time consuming, especially for large 
heating and cooling plants. 

Avariety of techniques and types of equipment have been 
developed to clean the interior and exterior surfaces of pipes 
and particularly heat transfer tubes. Soot bloWing and 
chemical shocking are tWo techniques. Another technique is 
to individually direct equipment into each tube to mechani 
cally dislodge the residue from the tube Walls. Some of the 
latter equipment uses rigid lances that either rotate and/or 
have rotating blades. US. Pat. No. 5,579,726 discloses a 
lance-based assembly that directs streams of high-pressure 
Water to effect the cleaning. The latter system supports a 
rotating and axially directed lance from a frame that can be 
aligned to each tube. 

High-pressure spray systems are also knoWn that direct 
streams of Water from a spray hose into each tube. Jetting 
Systems & Accessories, Inc. sells one such system under the 
brand name “FLEX LANCER”. Another system is sold by 
Gardner Denver Water Jetting Systems, Inc., Houston, Tex. 
under the name “V” Drum Rotary Line Cleaner. The latter 
system provides a high-pressure hose and spray noZZle that 
are rotated and axially directed under poWer. Hose move 
ment is directed With a hand-operated air controller and a 
pinch roller assembly that controls axial hose movement. 
Rotational movement is controlled via a separate motor. The 
hose is collected and dispensed from a rotating V-shaped 
spool or drum. Although offering advantages, the ef?ciency 
of the latter system is severely restricted by vibrations that 
occur due to unbalanced conditions that can occur at the 

equipment during typical use. Extreme vibrations have 
particularly been experienced at speeds approaching 60 rpm, 
Which severely limits the utility of the equipment. 

The present invention Was developed to provide a more 
ef?cient high-pressure spray system. The assembly provides 
a hose mounted spray head or noZZle that can be operated at 
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2 
rotational speeds in the range of 60 rpm to 850 rpm. Axial 
speeds in the range of 1 foot per minute to 80 feet per minute 
are also possible. At a nominal rotary speed of 300 rpm and 
an axial speed of 60 feet per minute, the assembly is able to 
clean a typical 36-foot tube in one-fourth the time as the 
foregoing equipment. 
The assembly is constructed to provide optimal balance 

along the entire drive train. The assembly can also clean the 
exterior surface of the spray hose as it is dispensed and 
collected from a driven spool or reel assembly. The reel 
assembly stacks the hosing in a tapered coil that is balanced 
to the longitudinal drive axis of the hose drive train. The hub 
of the reel assembly can be adjusted to accommodate 
different lengths and diameters of hose. The reel hub can be 
open or covered to prevent the buildup of debris Within the 
reel and/or prevent the hose from being ejected from open 
ings in the interior and exterior peripheral surfaces. 
An improved, air poWered modular cleaning assembly is 

also disclosed. The hose drive assembly and hose reel 
assembly are modularly con?gured and clamped to a frame 
Work. An extension sheath and improved operator control 
gun separately latch to each other and an air sWivel. Pneu 
matic control is directed via operator-actuated valves, con 
tiguous control lines, hose and pinch Wheel drive motors, a 
hose reel brake, and associated volume booster and timer 
controls. The hose drive assembly is driven and the hose reel 
assembly folloWs. 

SUMMARY OF THE INVENTION 

It is accordingly a primary object of the invention to 
provide a high-pressure tube cleaning assembly Wherein a 
spray hose and spray noZZle can be directed at high rota 
tional and axial rates by the assembly as the noZZle is 
directed through each tube being cleaned. 

It is a further object of the invention to provide an 
assembly that includes a rotationally driven hose reel that 
arranges the spray hose in a fashion that avoids unbalancing 
the equipment relative to a longitudinal, rotational drive 
axis. 

It is a further object of the invention to provide a hose reel 
having a conically tapered, hose collection hub mounted 
adjacent to a concentric outer cage and on Which hub the 
hose is stacked in coils concentrically aligned to the longi 
tudinal drive axis. 

It is a further object of the invention to provide a hose 
cleaning assembly that cleans the hose as it is dispensed and 
collected. 

It is a further object of the invention to provide a rotary 
mounted, air-controlled hose drive assembly having four 
polyurethane pinch-type drive Wheels that axially direct the 
hose along the assembly’s longitudinal drive axis and that is 
rotationally balanced relative to a hose reel. 

It is a further object of the invention to provide a hose 
drive assembly Wherein the drive Wheels include surfaces or 
grooves that align and maintain hose movement along the 
assembly’s longitudinal drive axis and/or Wherein the 
durometer of the drive Wheels is selected to prevent slip 
page. 

It is a further object of the invention to provide a hose 
drive assembly Wherein the tension of the drive Wheels 
against the hose is established With spring biased tensioners 
and/or Wherein an eccentric cam linkage directs the Wheels 
to grip and release the hose. 

It is a further object of the invention to provide a pinch 
Wheel assembly that includes a tWo-stage, linked upper and 
loWer, eccentric cam linkages that collectively direct tWo of 
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the Wheels to pivot and engage and release the hose at preset 
tensions relative to tWo stationary Wheels. 

It is a further object of the invention to provide a drive 
axle at the hose reel that is coupled to the hose drive 
assembly and from Which axle a layering arm extends that 
aligns the hose relative to an adjustable hub at the hose reel. 

It is a further object of the invention to provide a cleaning 
assembly Wherein only the hose drive assembly and layering 
arm is rotated via an air driven motor and belt linkage and/or 
Wherein the hose reel is supported to folloW hose movement. 

It is a further object of the invention to provide a belt 
tensioner linkage at the hose drive assembly. 

It is a further object of the invention to provide a brake 
and attendant sensors and controls to control hose reel 
movement in relation to cleaning and emergency operations 
to prevent hose kinking and spillage. 

It is a further object of the invention to provide a hose 
collection hub Wherein the diameter and taper of the hose 
collection hub can be adjusted relative to the outer cage and 
center drive axle. 

It is a further object of the invention to provide a hose reel 
having substantially imperforate interior and/or exterior 
Walls that reduce Weight, minimiZe debris accumulation and 
prevent hose escape. 

It is a further object of the invention to provide control air 
passages at the hose drive/air sWivel assembly and/or 
latched bearing supports at the hose drive/air sWivel assem 
bly and hose reel to facilitate repair and replacement. 

It is a further object of the invention to provide an 
operator control gun With several hand controlled sWitches/ 
valves to direct air through the pneumatic control lines. 

It is a further object of the invention to provide an 
operator control gun With a pair of handgrips and Wherein at 
least one of Which can be selectively adjustabed to permit 
horiZontal and vertical cleaning operations. 

It is a further object of the invention to provide latched, 
multi-por‘ted couplings at the air sWivel to the operator 
control gun and/ or extension sheath and attendant pneumatic 
control lines. 

It is a further object of the invention to provide hand 
operated control valves in one or more of the pneumatic 
control lines to selectively regulate delivered air. 

It is a further object of the invention to provide a selec 
tively adjustable belt tensioner at the hose spool drive motor 
and/ or others of the motors. 

The foregoing objects, advantages and distinctions of the 
invention, among others, are obtained in the one disclosed 
tube cleaning assembly that has been particularly adapted 
for use in cleaning heat exchangers and falling tube evapo 
rators. The invention can be adapted to other applications 
Wherein the tool head is coupled to a high-speed, rotationally 
and axially directed cleaning media supply conduit and/or 
control lines. 

The subject tube cleaning assembly provides a mobile 
framework that attaches to on-site air and Water supplies. 
The assembly includes a number of subassemblies that are 
concentrically and axially aligned along a longitudinal drive 
axis to direct a high-pressure Water hose and a multi-ori?ce, 
spray head or noZZle via a hand-held, operator directed gun. 
The operator gun is selectively ?tted to each tube and the 
spray head is axially directed to clean each tube. The hose 
delivery subassemblies are mounted to rotate in controlled 
synchrony at a number of pilloW block bearings. 
At a fore end, the hose and ori?ce containing spray head 

are directed through a hose cleaning subassembly that 
Washes the hose With a loW-pressure spray. The hose is 
rotated and axially directed to and fro With an air-controlled 
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hose drive assembly. Hand-operated valves at the operator 
control gun direct control air betWeen an air sWivel and 
several drive motors and control devices. Drive poWer is 
applied to a pair of driven gears and chains to folloWer gears 
attached to four polyurethane pinch Wheels that abut the 
hose. Spring tensioners control the Wheel-to-hose pressure 
or tension and are able to axially direct the hose at speeds of 
l to 80 feet per minute. 
The hose drive is coupled to a hose collection reel via a 

motor driven reel axle. A layering arm extends from the axle 
and directs the hose onto an adjustable hub at the reel. The 
hose is preferably stacked in a single layer. High-pressure 
Water in the range of 3,000 psi to 50,000 psi is supplied to 
the hose via a sWivel coupling at the reel axle. 
The diameter of the hub at the hose reel can be adjusted 

relative to an outer cage. 
The layering arm and hub cooperate to stack the hose in 

concentric layers relative to the longitudinal drive axis of the 
assembly to assure a balanced loading. The reel, axial hose 
drive and hose cleaner assemblies can be operated at rota 
tional speeds in the range of 60 rpm to 650 rpm. The 
assembly is thereby able to clean tubes from 1/2 to 6-inch 
diameters at rates of l to 80 feet per minute. 
An improved cleaning assembly is also disclosed and 

Wherein modular hose drive and hose reel assemblies are 
latched to collared bearing surfaces af?xed to the frame 
Work. Air operated motors and belt drive linkages drive the 
hose drive assembly and hose and from Which the layering 
arm extends. Hose movement through the layering arm 
determines the movement of the hose reel. An air operated 
disk brake and caliper assembly control hose reel movement 
to prevent hose kinking and spillage and facilitate emer 
gency stopping. 
Upper and loWer air drive motors at the hose drive 

assembly control pinch Wheel rotation and axial hose move 
ment. Spring tensioners establish Wheel-to-hose tension. A 
lever handle operates a tWo-stage, upper and loWer, eccentric 
cam linkage assembly to collectively direct the hose drive 
Wheels to rotate and engage and release the hose at preset 
tensions. 
An operator control gun and accessory extension sheath 

protect and direct the hose into the tubes and contain control 
air conduits. Multi-por‘ted clamp couplers align and securely 
retain the control lines to the air sWivel and one another. 
Operator manipulated air valves at a pair of position adjust 
able handgrips control hose movement and emergency shut 
doWn. 

Still other objects, advantages, distinctions and construc 
tions of the invention Will become more apparent from the 
folloWing description With respect to the appended draW 
ings. Similar components and assemblies are referred to in 
the various draWings With similar alphanumeric reference 
characters. Various features of the invention may also be 
con?gured With other features in different combinations. The 
description should therefore not be literally construed in 
limitation of the invention. Rather, the invention should be 
interpreted Within the broad scope of the further appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective draWing shoWn in partial cutaWay 
and exposing the various subassemblies of the high-pressure 
spray cleaning equipment of the invention. 

FIG. 2 is a detailed perspective vieW to the hose cleaner 
and air-driven hose drive and Wherein the spray head is also 
shoWn in cutaWay in a typical heat exchanger tube. 




















